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(54) Water-repellent thin films and methods for the preparation thereof 


(57) There is disclosed a hard, water-repelient thin 
film which IS obtained by plasma polymerizing an SiH- 
containing organos.loxane on a substrate, wherein the 
organositoxane is selected from 

(A) a cyclic organosiloxane of the general formula 


, — R SiO) (RHSiO) - 
2 n rn 


wherein R denotes a monovalent hydrocarbon rad- 
ical having 1 to 18 cartion atoms, n is an integer 
having a value of zero or greater and m is an integer 
having a value of 3 to 20; 

(B) a linear organosiloxane of the general formula 
R2R'SiO{R2S'0)„(RHSiO)pSiR2R' 


wherein R and n are as defined above, R' is selected 
from a monovalent hydrocart)on radical having 1 to 
18 carbon atoms or a silicon -bonded hydrogen 
atom and p is an integer having a value of 1 to 20. 
with the proviso that organosiloxane (B) contains at 
least 3 silicon-bonded hydrogen atoms: or 

(C) a compound of the general formula 

R^j^SilOSiRgH)^ 
wherein R is as defined above and x is 3 or 4. 
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Description 

organos,loxane and to a method for P'«Pf ""9 ^^""^ o( 20 to 22 mN/m and, as a consequence, are used as treatment 
Vethyipo^s,toxanes exhib. - ^J,^^^^^^^^^^ these water-repellent coatings are generally 

agents for making varcus types of ^^'''"''l^^l^l'^^^^^^, applicatioo. It Is also Known that h,gh^ water<epellent 

s^lt. Which can prevent ^^^^ ^^'^^^^'^T^S^^ ^'^^"^ «his so- 

substrates are obta^ed by d.ssolv.ng ^^^^^^^^ ^ ,o,mation of a urtilom. coating with 

luton on any of a variety of substrates ^^^^^g^" a method lor preparing spherical, po^rs. 

thls latter method is quite problematic. In "^V"^^ * "t! packing. In thte method, a mature 

toxane^.edsilca-gelpowdertha.«h|Jly sun^^^^^^^ , 

01 methylhydrogenpolysiloxane and usinTthis method 

difficult to obta^ a uniform, ''^-^a^^^^^^f ^^^^^^c^^^^ Ihin films that are both very hard and 

highj^r^-evr-y S --S"ve.us water. . addit^l ob^t . th. .vent^ « the 
introduction of a method 10. prepamg^^^^^ 

(A) a cycl«: organosiloxane with the general formula 

(R2SiO) j,(RHSiO)^- 
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and m is an integer with a value from 3 to 20. 

,B, a linear organos,.oxane w„n the 9--;^-- ^,^^,^30), SiR.R' 
.erein.denotesaC.toC.monovalen.M— ^ 

(C, an organos,k.xane w.,h the general 'o-"^^^^^. ^^^^^^^ ^ 

wherein R denotes a C, to C,e monovalent hydrocarbon radical and x is 3 or 4. 

.epresen..vent.n,unherre.testoa^^...;^P^^^^^^^^^^^ 

that an SiH-conlain,ng organositoxane, as presence of an oxygen<oniaining compound 

said SiH-conta.ning organopolysibxane , plasr,^ po^menz^^ ^^^^^ ^^^^^ ^ ^ ^^^ace of an 

selected from the group consisting of water, a.r. and C, o,o a 

inorganic or organic substrate :„„„„,i~, will be considered in detail. These water-repellent thin films 

Ime water-repellent thin films of the present j^^.^,;^, which must contain at least 3 sihcoo- 

are fom^ed by the SiH.ontaining '^'^^ °' organosiloxanes de- 

bonded hydrogen atoms in each molecule This comp 

"''^etrof these is (A, a cyclic organositoxane >^th the foltowing general formula 


. ^ radical and is exemplified by alkyl radicals such as methyl, 

Wherein B denotes a C, to C, « monovalent '^V^/^f^^jf^^t and >ilyl a^l radicals such as benzyl, and phene- 
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loxane under d.scusson .s exempl.f.ed by cycl«: organos 

denotes meihyi 


.loxanes w.th the lollow.ng lormulas. in whch Me here.nafter 
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|>(MeHSiO) ^1 * 
|-(MeHSiO) gi i 

|-(MeHSiO) * 
|-(Me^SiO)^(MeHSiO)3i 


and 


20 ^(MeC^ H.^SiO) ^ (MeHSiO) ^-j . 

. oanos^ioxane used .n our invenfK. is (B) a l^ear organosi^xane wrth the followng general forr^ula 
The second organos.loxane used 3^j^(pHSiO),SiR,B' 

C,e monovalent hydrocarbon radcal R and "^^^^^ a value ot zero or greater, and p .s an 

3 

Me3SiO(MeHSiO)5SiMe3. 
HMe2SiOMeHSiOSiMe2H . 

35 HMe2SiO (MeHSiO) gSiMCgH , 

HMe2SO(MeHSiO)5SiMe2H , and 

HMe,SiO(C3H7SiHO)5SiMe2H . , 

for component (A). The subscnpt x « 3 or 4. inis a« 
organosiloxanes with the toltowing .ormufes. ^^^.^^g.^^^^,^ 

Si(OSiMejH)^ . and 

C,H,Si (OStMe.H) 3 . 

.-oo «rp itauids at room temperature that exhibit high volatilit.es. 
The organos.k,xar>es used . the preset -7;;^'^ ^ ^^^^^ J^, plasma po.ymcriza.on dev.e. 
and as such are eas,ly managed, lor ^'^^■'^J^^'ZzeOm^s l-om the SiHK=ontaining ocganos.toxane de^ 

Any substrate that permits depos.ton of P^^^^^^'/^g.er-repellent thin films o(^ 
scribed above can be used as the substrate ™^ ,,b,trat6s such as glasses, silica glasses, quaaz. 

Z pualities are not crucal. "me substrate « e«^P'^^ ^°'^^^f^^,^,,, 3s po.yca.tx)nate. po.yethy.en. 
Silicon wafers, ceramcs, and metals o. 7!.^/",^^^,X^a^ var.ous shapes, for example, flat « <="~«^ 

^^Ce^rrp^ro, ou, ,nvent,on are obtained by plasma polymer.ation o, .e S.H.onta,n,ng orga- 
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selected from the group consisting of 

B . C, » 0,. ^^.^ - " ^ " 

and m is an integer with a value Irom 3 to 20. 

(B) a ..ear organos,.«ane the 5--'^^;^3^ ,hSO) ,S.R,R' 

K ^ radical R-isaC,loC,eftK)novalenthydrocart)onrad«al 

v^erein B denotes a C, to C,e mooovalen, ^^^^^^^^^'^^^l^, and p is an integer with a value 

a si.«on-t«nded hydrogen «;-^;;';f?^;r^^^^^^ at least 3 s«bon Wed hydrogen atoa«, 

from 1 lo 20. with the proviso that this organopoiys 

and 

,C) an organositoxane with the general .om,u^ ^ 

^ y or 4 is introduced mto a plasma polym- 

serein R denotes a C, to C,« monovalent ^'<--'^'^ '^^^'Z in the presence o. an oxygen- 
device The S,H-conta,n.g or^^^^^^^^ 

rrra^ ~ :rrsrr Jch . a,so .ese. . the PC,— devce 

organos™ .sed o. method .s the ^^^^ SC^.S^^^^^^^ 
the water-repellent thin filrr^s. In the P'«^«"' compound selected Irom the 
vmerS.on dev,ce and plasma polymeri7«l, in the ^'^^'^''^^^^l^^^ are thereby deposited on the surtace o^ 

group c^isist-ng of water, air. and alcohols ^^.^^ J '° J° '^.^'r^^ced as a vapor, and this vapor is generate 
Xrganic or organic substrate. The organos.toxane.s preferably ,r,us-generated vapor ,s 

heTng the organosi^xane a, '^^^^^^ITn a^g "h^^ so forth, or a gas such ^ oxygen or a 
pLerably ^ ^^^^^^^ T^e C, to alcohol is exempted by methanol, emanol, 

and then transported to the piasmd y ,,K„„ia<:ma 
propanol. and butanol oolymercation device and the interKir of the ptesrna 

^ 7n the instant method, the substrate « f.st P^^^ " ^™a,n\.g organosiloxane is subsequently introduced 
polymerization device is then evacuated. The ^^^^^^^^^^J^^ Tectrodes installed in the plasma potym- 
and Tplasma po^merizatk>n is induced by a ^^;J;^^J^^^^J,Sl>i^ions to presen,e the backbone structure 
enzation device. This plasma polymerization .s PJf'^^^,^ ' " 3%^, example, the plasma d^charge -s preferably 
o he SiH<ontain,ng organosiloxane to 9'^^^^^ ^ ' "^^^ ' 'Tr^ me 

- a. a vacuun^ - 9--^^^^^^^ ,1 wV")- T^e tempe.ture ,s preferably he« ,n the 

the water-repellentfilmthereby produced will vary a^^^^^ 
.eneXrS:^:.^^^^^^^^^ ° ^ — 
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Example 1 


TO 


20 


25 


SO), ».= ^ S^oT.lse M«.™d..»plMpo.«o.,o« 

izalion was run lor 20 minutes ai a iroquoi ^.y ^,^^x nressura was released to ambient pressure and the 

Alter complet«o ol the plasma P°^'^«""''°"^"'^,r'l^' .We. A contact angle versus 
glass Slide was removed. A ^'^^'^^^^^^ raSs^We r-Jin^ the ^In film. Th,s thin film had a pencil 
rdnr;'i°rm^=;?.re rerr rK sS Z l... Xes. Coatmgs • .e p.s^- 
polymerized film had a deposited thickness of 100 nm. 


IS Example 2 


. »^ ^^^^^^^ 

at an applied power of 25 W. ,hp intemal pressure was released to ambient pressure and the 

After completon ol the plasma P°'y'^«"^^''°";^^;,.''™ on the glass slide. A contact angle versus 

glass Slide was removed A ^^^^^J^;^;^'^^^^'^ Z^^'s^^Z:^^ .he thin film This thin film had a pencil 
ral^sTra's ZZZZ^::::^TJk S^. The p.asma^,vmeri.ed film had a deposited m.c.ness 


of 200 nm 
Example 3 


40 had a deposited thickness of 1 50 nm. 
nomparative Example 1 

repellent thin film. 


so Claims 

, A waler-repenent th,n l.lm, obtained by plasn. polymer^-ng an S,H«n.,n.g organos.xane on a substrate, 
sardtganosiloxane being selected Irom the group consisting o. 
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(A) a cyclic organos.loxane ol the general lormula 
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, — R SiO) (RHSiO) - 
2 n in 


Wherein R denotes a monovalent hydrocartxx. radcat hav.ng 1 to18 cartoon atoms, n is an integer hav^g a 

value of zero or greater and m .s an integer having a value of 3 to 20, 

(B) a linear crganosiioxane of the general formula 

^ ^ RjR' SO (R2SiO)„(RHSO)pSiR2R' 

^ Q anH n ^rP AS defined above R is selected from a rTX>novalent hydrocartx)n radical having 1 to 18 

mat organositoxane (B) conta«.s at least 3 silicon-borKfed hydrogen atoms: and 
IC) an organosiloxane compound with the general formula 
^ ' ^ R^.,Si {OSiRjH), 

wherein R is as defined above and x is 3 or 4 

2. The film accenting to c^^ 1 . where^ said film has a pencil hardness ot a. leas, HB and a contact angte versus 

water of at least 90V 

3. The fiim according to Cairn 2. where.n said cycle organosiloxane (A) has a .orrr,ula selected fro,, the 9n3op con- 
sisttng of 

r- (MeHSiO) ^— 
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(MeHSiO) 
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r- (MeHSiO) 
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and 


- (Mt^HSiO^CMeC^H-^sioi^ 


so 
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sisting of 


in which Me denotes methyl. 

The .ilr. according to c,a.m 2. where.n sa,d ..near organos-loxane (B) has a formula selected .rorr, the group con- 

|\;ie3SiO (MeHSiO)3Sil^e3 . 
Me3SiO(MeHSO)sSiMe3 . 
HMOg SOMeHSiOSiMejH . 
Hf^e2SiO(MeHSiO)3SiMe2H . 
HMejSiO (MeHStO) 5SiI^e2H and 


4, 


6 


EP0 711 817 A2 


HMejSO (C3H7S1HO) gSiMejH 

m which Me denotes methyl. 

5. The f,lm according to cla.m 2, wherein sa<l o,ganos,k>xane coo^und (C) has a formula setected from the group 

* consisting of 

MeSi (OSiMegHlj . 
SilOSiMegH)^ and 
C3H7Si{OSiMe2H)3 

in which Me denotes methyl. 

A A method for Df eoarinq a water-repellent thin film, said method comprising plasma polymerizing the SiH^xntaining 
^^^y^^^T^^ a plasma potymenzatk>n dev^e ^ the presence of a substrate and in the presence 
:;rr^gr.^^^^^^^^ --^ed trom the group cc^s.t^g o^ water, air ar.d an alcc^ hav^g 1 to 10 

carbon atoms. 

7 A substrate beanng a film deposrted by the method of any of claims 1 to 6 wherein said 

fhrgrlp c^S^^^ of glasfquaru, silcon. ceramic, metal, po^carbooate. poW^e. pofypropytene and 

polymethyl methacrylate. 
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(54) Water-repellent thin films and methods for the preparation thereof 

R2R'SiO(R2SO)„(RHSiO)pSiR2R' 


(57) There is disclosed a hard, water-repellent thin 
film which is obtained by plasma polymerizing an SiH- 
containing organosiloxane on a substrate, wherein the 
organosdoxane is selected from 

(A) a cycltc organosiloxane of the general formula 


, — R SiO) (RHSiO) - 
2 n m 


wherein R denotes a monovalent hydrocarbon rad- 
ical having 1 to 18 cartxxi atoms, n is an integer 
having a value of zero or greater and m is an integer 
having a value of 3 to 20; 

(B) a linear organosiloxane of the general formula 


wherein R and n are as defined atx)ve, R' is selected 
from a monovalent hydrocarbon radical having 1 to 
18 carbon atoms or a silicon-txxided hydrogen at- 
om and p is an integer having a value of 1 to 20. 
with the proviso that organosiloxane (B) contains at 
least 3 silicon -bonded hydrogen atoms: or 

(C) a compound of the general formula 

R^.^Si(0SiR2H)^ 
wherein R is as defined above and x is 3 or 4. 
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